Context. The Lyman-α line in the ultraviolet (UV) and the [CII] line in the far-infrared (FIR) are widely used tools to identify galaxies in the Early Universe and to get insights about the Inter-Stellar Medium (ISM) properties in high-redshift galaxies. Combining data obtained with ALMA in band 7 at ∼ 320 GHz as part of the ALMA Large Program to INvestigate [CII] at Early Times (ALPINE) with spectroscopic data from DEIMOS/Keck, VIMOS/VLT and FORS2/VLT we assembled an unique sample of 53 main sequence star-forming galaxies at 4.4 < z < 6 in which we detect both the Lyman-α line in the ultra-violet (UV) and the [CII] line in the far-infrared (FIR). Aims. The goal of this paper is to constrain the properties of the Lyα emission in these galaxies, in relation to other properties of the ISM. Methods. We use [CII], observed with ALMA, as a tracer of the systemic velocity of the galaxies, and we exploit the available optical spectroscopy to obtain the Lyα -[CII] and the ISM-[CII] velocity offsets. Results. We find that 90% of the selected objects have Lyα -[CII] velocity offsets in the range 0 < ∆v Lyα−[CII] < 400 km/s, in line with the few measurements available so far in the Early Universe, and much smaller than those observed at lower redshifts. At the same time, we observe ISM-[CII] offsets in the range −500 < ∆v ISM −[CII] < 0 km/s, in line with values at all redshifts, that we interpret as evidence for outflows in these galaxies. We find significant anti-correlations between ∆v Lyα−[CII] and the Lyα rest-frame equivalent width EW0(Lyα) (or equivalently fesc(Lyα)), with galaxies that show smaller ∆v Lyα−[CII] having larger EW0(Lyα) and fesc(Lyα). Conclusions. We interpret these results in the framework of the uniform expanding shell model: the escape of Lyα photons is determined by the neutral hydrogen column density NHI. In galaxies with slow outflows (0 < vout < 300 km/s) when NHI is high, ∆v Lyα−[CII] is high and fesc(Lyα) is low, and vice-versa. In galaxies with fast outflows (vout > 300 km/s), the probability of Lyα photons to escape is high and ∆v Lyα−[CII] is always small. We suggest that the observed increase of the Lyα escape observed in the literature between z ∼ 2 and ∼ 6 is not due to a higher incidence of fast outflows at high redshift, but rather to a decrease of NHI in the ISM.
Introduction
The 1215.7Å Lyman-α line (Lyα hereafter) is in principle the strongest emission line to originate from a star-forming region (Partridge & Peebles 1967) , and lies in the spectral regime probed by optical spectrographs on 8m class telescopes, such as the VIsible Multi-Object Spectrograph on VLT (VIMOS, Le Fèvre et al. 2000) and the Deep Imaging Multi-Object Spectrograph on Keck (DEIMOS, Faber et al. 2003) , at redshift 2 z 6.5. For these reasons, it has become a widely exploited tool to identify and study galaxies at high redshifts. On the one hand, it is used as a redshift machine, especially at z > 4, where UV interstellar absorption features are difficult to identify over the continuum emission that become very faint for reasonable integration times. On the other hand, it gives important information about the physical conditions in galaxies: being a resonant line, Lyα is easily scattered and absorbed by dust and neutral hydrogen, depending on their geometry and kinematics (Dijkstra 2014) , therefore the Lyα escape fraction (the ratio between the Lyα flux that escapes the galaxy with respect to the flux that is produced by star formation) can be used to investigate the distribution and kinematics of the interstellar medium (ISM).
In the last 20 years much progress has been made on the theoretical side: numerical and semi-analytic simulations have predicted the emergent Lyα emission from individual galaxies as a function of ISM parameters such as density, temperature, dust content, kinematics, and clumpiness, assuming spherical symmetry (Ahn 2004; Dijkstra et al. 2006; Verhamme et al. 2006; Laursen et al. 2013; Gronke & Dijkstra 2014; Duval et al. 2014; Verhamme et al. 2015) , asymmetric distributions (Zheng & Wallace 2014 , and even coupling radiative transfer models to hydrodynamical simulations of realistic galaxies (Verhamme et al. 2012; Behrens & Braun 2014) . These models in gen-Article number, page 1 of 20 arXiv:2002.00967v1 [astro-ph.GA] 3 Feb 2020 A&A proofs: manuscript no. Lya_offsets eral predict that ISM winds favor the escape of Lyα photons, with most of the Lyα emitters displaying outflows, that galaxies observed face-on in general are expected to have stronger Lyα than those observed edge on, and that a clumpier ISM, for a fixed amount of neutral hydrogen, also allows more Lyα photons to escape.
From the observational point of view, although the Lyα line has been observed in galaxies at all redshifts, its interpretation is still very complicated. The Lyman Alpha Reference Sample (LARS; Ostlin et al. 2014 ) provides a unique and complete z ∼ 0 benchmark sample of different galaxies displaying diverse Lyα properties, studied across the entire electromagnetic spectrum, from the UV to the 21 cm line, including Hα imaging and spectroscopy. Yet, despite the large amount of information available, the authors identified many factors that can affect Lyα emission, such as dust, outflows, morphology, turbulence and clumpiness of the ISM , Herenz et al. 2016 , Guaita et al. 2015 , Messa et al. 2019 . A recent multivariate analysis of the low-z dataset (Runnholm et al., in prep.) indicates that Lyα emission primarily correlates with the SFR (which sets the absolute scale), and then with E(B-V) * and the covering factor in decreasing order, with both governing the Lyα escape.
Interestingly, an increase of the average Lyα escape fraction for star-forming galaxies is observed between z ∼ 2 and z ∼ 6 (Hayes et al. 2011) , accompanied by an increase in the fraction of strong Lyα emitters (i.e. galaxies for which the Lyα line has a rest frame equivalent width, EW 0 (Lyα), larger than 25 Å) over the same redshift range (Stark et al. 2010; Stark et al. 2011; Mallery et al. 2012; Cassata et al. 2015) . However, it is not clear yet what physical processes shape this evolution (Pentericci et al. 2016) , although it is tempting to interpret these results with an increase of the outflow velocities, that are found to favor the escape of Lyα photons (Orsi, Lacey, & Baugh 2012; Verhamme et al. 2015) .
Beyond z ∼ 6 a sudden drop of the Lyα escape fraction and of the fraction of Lyα emitters is observed (Hayes et al. 2011; Pentericci et al. 2011; Schenker et al. 2012; Caruana et al. 2014; Pentericci et al. 2018; Hoag et al. 2019 ): these effects are in general interpreted as the evidence of an increasing neutral fraction of the Universe at those epochs, as expected at the end of HI reionization, with the neutral Inter-Galactic Medium (IGM) suppressing the Lyα emission escaping from galaxies.
The advent of ALMA opened a new window of investigation in the Early Universe: observations of the [CII] 158 µm line, that enters ALMA band 6 & 7 at z>5, are now standard for galaxies at those redshifts (Capak et al. 2015; Pentericci et al. 2016; Bradac et al. 2017) , and [CII] become a standard tracer for the systemic velocity (Pentericci et al. 2016; Matthee et al. 2019a,b) . [CII] is in fact an optically thin cooling line, not absorbed by dust and therefore observable in the whole galaxy, tracing the cold molecular phase and photo-dissociation regions in star-forming galaxies (Carilli&Walter 2013; Vallini et al. 2015; Accurso et al. 2017; Clark et al. 2019) . For these reasons, it is in principle a better systemic velocity tracer than optical nebular lines (typically Hαλ6863 Å, [OIII]λ5007 Å), that are widely used as systemic velocity tracers: these latter heavily suffer from dust attenuation, therefore they do not trace the full kinematics of galaxies, but only those regions with moderate obscuration.
In this paper, we investigate the kinematics and the physical properties of the ISM in a sample of 53 mainsequence star forming galaxies at 4.4 < z < 6, for which we exploit observations of the [CII] 158 µm line, available as part of the ALMA Large Program to INvestigate [CII] at Early Times (ALPINE; Le Fèvre et al. 2019; , coupled with rich spectroscopic and photometric data. In particular, we analyze the offset between the Lyα line and ISM lines with respect to the systemic velocity, as proxied by [CII] . We further investigate the dependence of this shift on several physical properties of the galaxies (i.e. outflow velocity, dust reddening, and Lyα escape fraction) and of the Lyα line itself (rest-frame Equivalent Width, EW 0 (Lyα)) in order to constrain the properties of the ISM. The paper is structured as follows: in Section 2 we present the rich datased used in this work; in Section 3 we analyze the Lyα offset and the outflow velocity, and their dependency on other physical quantities; in Section 4 we present a discussion on the interpretation of our results and possible implications on the cosmic evolution of Lyman-α emitters, as well as our conclusions.
Sample and data

Associated Optical/NIR and Other Multi-wavelength Data
The galaxies for this study have been selected from ALPINE (Le Fèvre et al. 2019; , an ALMA project with the main goal of revealing [CII] , and the underlying ∼ 158 µm rest-frame continuum, in a sample of 118 main-sequence galaxies at 4.4 < z < 6 in the COSMOS ) and GOODS-S fields (Dickinson et al. 2001; Giavalisco et al. 2004 ). The sample is originally drawn from large spectroscopic surveys of normal star-forming galaxies: the bulk of the spectroscopic redshifts come from extensive campaigns at the VLT (VUDS, Le Fèvre et al. 2015; Vanzella et al. 2008; Balestra et al. 2010) and Keck (Hasinger et al. 2018 ). The availability of high-quality spectroscopic redshifts is crucial to ensure that the expected [CII] emission is redshifted in a high transmission atmospheric window within the ALMA Band 7. This restricts the sample to two subranges in redshift, 4.4 < z < 4.65 and 5.05 < z < 5.8. More details can be found in Le Fèvre et al. (2019) . A wealth of ancillary data is available for the targets in the COSMOS field as part of the many observational projects, including HST i-band , Koekemoer et al. 2007 ), Subaru optical imaging , deep NIR YJHK imaging from the UltraVista Survey (McCracken et al. 2012) , Spitzer 3.6 and 4.5 µm imaging (Sanders et al. 2007; Laigle et al. 2016) , with good X-ray coverage with both XMM-Newton (Hasinger et al. 2007) and Chandra (Elvis et al. 2009; Civano et al. 2016) as well as radio waves (Smolčić et al. 2017) . Similar wealth of data is also available in the GOODS-S field, including HST optical photometry with HST from the GOODS project (Giavalisco et al. 2004) , HST/NIR photometry with the WFC3 camera from the CANDELS survey (Grogin et al. 2011 , Koekemoer et al. 2011 , K s photometry with HAWK-I/VLT from HUGS (Fontana et al. 2014) , NIR photometry between 3.6 and 8 µm with Spitzer, with deep and wide X-ray coverage with Chandra (Luo et al. 2017 ).
Article number, page 2 of 20 P. Cassata et al.: ALPINE: small Lyα-[CII] velocity offsets in main-sequence galaxies at 4.4 < z < 6 These observations allow us to build Spectral Energy Distributions (SEDs) from the UV to the NIR rest-frame, that we then fitted with standard procedures to obtain key quantities such as stellar mass, star-formation rate, absolute magnitude in the Far-UV M F U V , and E(B-V) * . The SED fitting parameters that are used in this paper are presented in Table 1 , along with their uncertainties; for more details, see , where the ancillary for the ALPINE galaxies data are presented in their full extent. The ALPINE galaxies, as expected, turn out to be mainly main-sequence galaxies with stellar masses 3 × 10 8 < M/M < 10 11 and star-formation rates 3 < SF R < 300M yr −1 , aligning perfectly on top of the mainsequence parametrization for z ∼ 5 by Speagle et al. (2014) , largely overlapping in stellar mass with samples at lower redshift by Steidel et al. (2010) , Du et al. (2018) , Pahl et al. (2019) . Moreover, they have Far-UV absolute magnitudes in the range −23 < M F U V < −20.5, with an average M F U V ∼ −21.7, similar again to other samples at lower redshift: the sample in Shapley et al. (2003) -20.5) , and −22.5 < M F U V < −20 at z ∼ 3 and 4 (with an average M F U V ∼-21); Pahl et al. (2019) cover the range −22.5 < M F U V < −20 at z ∼ 5, with an average at M F U V ∼-21.3, very similar to ours; Marchi et al. (2019) have −22.25 < M F U V < −19.25, with an average M F U V ∼-20.3, therefore slightly fainter than our sample.
ALMA observations and reduction
The ALMA observations were carried out in Band-7 starting in May 2018 during Cycle 5 and completed in February 2019 in Cycle 6, in configurations C43-1 and C43-2, ideally producing angular resolutions coarser than 0.7 arcsec (in order not to over-resolve the flux, for targets that have expected sizes of 0.5 -0.7 arcsec, Capak et al. 2015) . Integration times range between 15 and 30 minutes, and the spectral setting for each object was adjusted to set the spectral windows around the expected frequency of [CII] emission, based on the UV spectroscopic redshift. The final spectral resolution varies with redshift from 26 to 35 km/s and the median beam size of the ALMA observations is about 1.13" x 0.85" FWHM. For more details, see , where the processing of ALMA data is presented in full detail.
The data revealed bright [CII] flux (S/N > 3.5) for 75 galaxies (see Le Fèvre et al. 2019 for details). For these galaxies, we can derive reliable systemic velocities, as traced by the [CII] emission. In particular, once the ALMA spectrum is extracted for the [CII] emitting region, a Gaussian is fitted to the spectrum and the centroid of the Gaussian is used to determine ν [CII]obs , z [CII]obs , therefore the systemic velocity of the system ). The typical error on ν [CII]obs depends on the width of the [CII] line, and corresponds to an error on z [CII]obs of 0.0005-0.0010 (see Table 2 ). As expected, z [CII]obs is in general different than the z spec , that has been measured combining different UV rest-frame tracers (mainly Lyα and the UV rest-frame ISM lines).
Spectroscopic data and measurements
The full details of the spectroscopic data can be found in . Here we present briefly the data analysis that is relevant for this paper.
Out of the 75 galaxies for which [CII] is detected at S/N> 3.5, 8 are in the GOODS-S field: 7 have spectra obtained with VIMOS and FORS2 at the VLT (Vanzella et al. 2008; Balestra et al. 2010) , with spectral resolutions R ∼ 600 and the remaining one has a spectrum obtained from the HST/GRAPES grism data (Malhotra et al. 2005) . The remaining 66 are in the COSMOS field: 49 have spectra from DEIMOS at Keck Mallery et al. 2012; Hasinger et al. 2018) , with spectral resolution R∼2500, and 17 have spectra from VIMOS (VUDS survey; Le Fèvre et al. 2015) , with lower spectral resolution R∼230. In order to reduce the noise of the DEIMOS spectra, that affects also the shape of the Lyα line, we applied a boxcar smoothing to those spectra, with a window length of 100 km/s. We compute the rest-frame equivalent width of the Lyα line (EW 0 (Lyα)), defined as the ratio between the flux of the Lyα emission and the flux density of the underlying continuum, from the spectra calibrated to the photometry (see Faisst et al. 2019 for details). We use the continuum red-ward of the Lyα line (λ Lyα ), as we expect the continuum at λ < λ Lyα to be affected by ISM absorption. We estimate the continuum as the average flux value in the wavelength window [1225:1245]Å (an amplitude of ∼ 120Å in the observed spectra), thus considering a region without strong absorption lines. Then, we move the window of 1Å towards larger wavelengths (i.e. [1226:1246]Å) and obtain a second value of the continuum. We repeat this procedure for a total of 10 windows, and take the final value of the continuum for the EW calculation as the median of the 10 estimates. The error on the continuum, that we consider as the main source of error on the EW estimate, is taken as the error on the mean in the first interval (i.e. the standard deviation of the flux divided by the square roots of the elements in the [1225:1245]Å range). The typical error on the continuum is ∼ 15%. All the spectra have been visually inspected to check that no strong features and corrupted wavelengths enter the wavelength range where the continuum is computed. Finally, we compute the total Lyα flux (F Lyα ) by summing the flux values over the wavelengths in the Lyα region for which the flux is larger than the continuum.
Out of 75 galaxies for which [CII] is detected at S/N> 3.5, 53 have bright enough Lyα emission (EW 0 (Lyα) > 4 Å) to reliably measure the velocity offset between Lyα and [CII], and 28 have EW 0 (Lyα) > 25 Å. It is interesting to note that the fraction of Lyα emitters in our sample, and therefore in ALPINE in general, is ∼ 50%, significantly higher than the ∼ 20 − 30% that is measured for optically selected samples at similar redshifts , Stark et al. 2010 , Stark et al. 2011 ). This is not completely unexpected: since it is crucial to have highly reliable and precise spectroscopic redshifts, to ensure that the [CII] emission falls within the ∼ 6000 km/s ALMA spectral window, when selecting potential targets, we favored objects with secure z spec , hence biasing the sample towards bright Lyα emitters, for which the z spec is easier to measure.
For each of these 53 galaxies we measured the velocity offset between Lyα and the systemic redshift as traced by [CII] . As we said in Section 2, the systemic redshift is es-Article number, page 3 of 20 A&A proofs: manuscript no. Lya_offsets timated as the centroid of the gaussian fitted to the [CII] emission. For Lyα , we used the peak of the emission to determine z Lyα and therefore the velocity difference. The choice of using the peak and not a fit to the line is justified by two facts: 1. the Lyα line is asymmetric, with the blue tail absorbed by ISM, and fitting a half Gaussian to the red part of the line does not give robust and stable results; 2. most of the theoretical works present their predictions for the Lyα line morphology using the peak of the line to determine the velocity offsets (e.g. Verhamme et al. 2008; Marchi et al. 2019) .
In order to estimate the random and systematic errors on the measure of the Lyα position with data with very different spectral resolutions, we run some simulations and tests. Starting on the data with the best spectral resolution, i.e. galaxies with DEIMOS spectroscopy, we first verified that the smoothing we applied to reduce the noise (boxcar with window length 100 km/s) only marginally increases the width of the line, and more importantly does not affect the position of the peak of the line. By simulating asymmetric lines at the same spectral resolution as the DEIMOS spectra, we find that the error associated to the position of the peak is around 1/5 of the width of the line; therefore, the typical error on the position of Lyα for DEIMOS spectra is around 25 km/s (depending on the width of each line). For galaxies in the CANDELS field (with spectral resolutions R∼600), and galaxies coming from the VUDS survey (with spectral resolutions R∼230) we verified again that the random error in the positioning of the line is about 1/5 of the width of the line: this corresponds typically to errors of 70 km/s for CANDELS galaxies and of 150 km/s for VUDS. When we then propagate the uncertainties on z [CII] (15-50 km/s depending on the width of the line) and z Lyα on the velocity offset ∆v Lyα , we obtain errors on the Lyα velocity offsets of ∼50, ∼80, and ∼150 for galaxies with DEIMOS, CANDELS and VUDS spectroscopy, respectively (see Table 1) .
Moreover, in order to quantify the possible additional "reddening" of the Lyα peak due to the resolution effects (the peak of an intrinsically narrow but asymmetric Lyα line would move redwards if convoluted with a wide gaussian) we run some simple experiments: we degraded the DEIMOS spectra at the resolution of CANDELS and VUDS, and we measured the shift of the Lyα peak induced by degrading the resolution. We find that for CANDELS the peak only marginally shifts (typically by 50 km/s); for VUDS, on the other hand, the shifts are larger, typically around 150 km/s. Therefore, we applied a correction of 150 and 50 km/s to the offsets between Lyα and [CII] for the VUDS and CANDELS galaxies, respectively.
We also estimated the velocity offsets between the UV rest-frame ISM lines and the systemic velocity. The details of how z ISM is determined are given in : just to summarize, we use an automatic tool to cross-match the Shapley et al. (2003) template with our spectra, identifying features as SiIIλ1260.4 Å, OI+SiIIλ1303 Å, [CII]λ1334.5 Å, SiIVλ1393.8+SiIVλ1402.8 Å, SiIIλ1526.7+CIVλ1548.4 Å. Lyα , when seen in emission, is not used in the cross correlation process. These measurements are more complex than for Lyα, as different ISM lines have far smaller EW than Lyα , are detected with different significance for each galaxy, and some of them might overlap, depending on the redshift, with skylines or noisy parts of the spectra. Therefore, we visually inspect all the fits to exclude peak noises that are misinterpreted as true lines, and we assign a reliability flag that depends on how many good lines are fitted for each spectrum, and we use in this analysis only objects with at least two clean features identified, and that passed a visual quality assessment. The typical error on z ISM is around 50-80 km/s. Another important parameter that we need for our analysis is the Lyα escape fraction (f esc (Lyα)): it is defined as the ratio between the flux of Lyα photons that can escape the galaxy, reaching the observer, and the intrinsic flux of Lyα photons produced by star formation. The observed Lyα flux is the same that we use for the estimate of the Lyα equivalent width, while we calculate the intrinsic flux by converting the observed star formation rate, obtained from the SED fitting (Faisst et al. 2019), using the conversion by Kennicutt (1998) , valid for case B recombination (Brocklehurst 1971 ) and solar metallicity, and taking into account the appropriate conversion between Salpeter (assumed in Kennicutt 1998) and Chabrier IMF (used here). Since galaxies at high redshift have typically sub-solar metallicities (Troncoso et al. 2014; Onodera et al. 2016) we also correct the intrinsic Lyα fluxes that we obtained from the Kennicutt relation to take into account this effect: assuming one-fifth solar metallicity, the inferred Lyα fluxes are expected to be 0.2 dex larger for the same SFR (Ly et al. 2016) . The error on the escape fraction f esc (Lyα) is obtained propagating the error on the Lyα flux and on the SFR, with this latter dominating the error budget.
All the relevant measurements used in this paper are reported in Table 2 , along with their uncertainties. Objects for which z ISM is considered unreliable (estimated from less than 2 lines, or from low S/N ratio spectra) do not have z ISM in this catalog. Fig. 1 . Lyα escape fraction as a function of the rest-frame equivalent width of Lyα for the galaxies in this sample. Green triangles show the average escape fractions in bins of EW0(Lyα). Cyan triangles and magenta stars are average values for samples at z ∼ 2.2 and ∼ 2.6 by Sobral et al. (2017) and Trainor et al. (2016) , respectively, and the black solid and dashed lines indicate the empirical fit fesc(Lyα) = 0.0048×EW0 ±0.05 proposed by .
Article number, page 4 of 20 Figure 1 shows the escape fraction of Lyα photons, f esc (Lyα), as a function of the Lyα rest-frame equivalent width EW 0 (Lyα): the two quantities correlate quite nicely with each other, and our measurements are spread around the empirical correlation proposed by , with only a few outliers, and 65% of the object within ±1σ from the relation. The average values (green triangles) are in good agreement with the ones determined at z ∼ 2.2 and z ∼ 2.9 by Sobral et al. (2017) and Trainor et al. (2016) , respectively. A correlation between these two quantities is expected: high escape fraction means in fact that, for the same amount of star-formation, or equivalently UV photons, more Lyα photons escape from the galaxy; therefore also the equivalent width, that is the ratio between Lyα flux and the underlying UV continuum, also increases. It is interesting to note that a similar empirical correlation to the one proposed by for galaxies at 2 < z < 3 is already in place at 4.4 < z < 6. This also reassures that the Lyα escape fractions that we derived, comparing the Lyα flux to the SFR derived from the SED fitting, are reasonable.
On the spatial coherence between [CII] and Lyα emitting regions
As presented in Le Fèvre et al. (2019), some of the ALPINE galaxies may appear very different in the UV-optical restframe and in the [CII] maps: in particular, although only one component might appear in the [CII] map, some objects are composed of many different bright clumps in the UV-optical. According to the morpho-kinematic classification presented in Le Fèvre, ∼40% of ALPINE galaxies are mergers, ∼30% are dispersion dominated objects, ∼15% are rotators, and the rest are too faint to be classified. Therefore, it is important to discuss how coherent the regions emitting [CII] and Lyα are for the galaxies studied in this paper. We do that in the dedicated appendix, where we show, for each object, the [CII] map with overlayed the contours of UV-optical images, and the position of the spectroscopic slit, in order to be able to compare the positions where the Lyα flux is extracted with those from which the [CII] line is used to trace the systemic redshift of the sytem.
Summarizing the result from the appendix, to which we refer the reader for all the details, the main conclusion is that Lyα originates from the same object that emits the [CII] line. In some cases we find spatial offsets between Lyα and [CII] of the order of 0.5", that can be explained with inhomogeneous dust distribution in those objects. As for the many mergers that are in the sample, the analysis presented here applies to the main component of the merger (that emits the bulk of the [CII] as well as of the Lyα flux). Figure 2 shows the histograms of the velocity offsets between Lyα and the ISM lines with respect to the systemic velocity, traced by [CII] . It is clear that Lyα is almost always redshifted with respect to [CII] , with velocity offsets peaking at +200 km/s and ranging from -200 to +600 km/s. These values are in quite good agreement with the few available measurements at z > 5 (Pentericci et al. 2016; Bradac et al. 2017; Matthee et al. 2019a,b) , who also found, for a handful of galaxies, offsets between Lyα and [CII] around +200 km/s. However, these offsets are quite smaller on average than those found at z ∼ 2 and z ∼ 3 by Erb et al. (2004) and Steidel et al. (2010) , and also smaller than the recent estimates at z ∼ 3.5 by Marchi et al. (2019) , who all found velocity offsets of z ∼ 400 − 500 km/s. Fig. 2 . The red histogram shows the offset velocities between Lyα and [CII] for the 53 galaxies in this work; the blue one shows the offset velocities between ISM lines and [CII] for the 28 objects, among the original 53 with Lyα , for which we could also reliably estimate zISM , using at least 2 ISM lines.
ISM kinematics inferred from Lya and ISM velocity offsets
In the same figure we also show the offset ∆v ISM between the ISM lines and the systemic velocity traced by [CII] , for the subsample of 28 objects with a robust determination of z ISM (these objects have at least 2 well detected ISM lines): as found in literature, the ISM lines are almost always blueshifted with respect to the systemic velocity, with offsets around -300 km/s and ranging from -500 and 100 km/s. These offsets are in pretty good agreement with the values found at lower redshift by Erb et al. (2004) , Steidel et al. (2010) , Talia et al. (2012 Talia et al. ( , 2017 , and Marchi et al. (2019) .
While it is not straightforward to interpret ∆v Lyα in terms of internal physical properties of galaxies (the observed offset is a complicated function of the presence and velocity of outflowing gas, geometry and distribution of gas, neutral gas column density NHI, see e.g. Verhamme et al. 2015) , the physical processes producing the absorption of ISM lines is quite simple, and the prevalence of blueshifted ISM lines in star-forming galaxies (and in our sample in particular) can be interpreted as evidence for outflows (e.g. Steidel et al. 2010 ). This would therefore imply the presence of outflowing gas in the bulk of the galaxies in our sample, with velocities v out ∼ 200 − 500 km/s, similarly to the results for the whole ALPINE sample by Ginolfi et al. (2019) , who analyzed the spectral shape of the [CII] emis-sion to identify outflows in the most star-forming galaxies in the sample. 2015): for vout >300 km/s the Lyα offset is expected to always be small, independently on the value of the outflow velocity; for vout <300 km/s the Lyα offset is determined by the neutral hydrogen column density NHI. Bottom panel:
Histogram of the ∆vLyα for all 53 galaxies in the sample (red) and for the 28 ones (green) for which we could determine zISM , and that are shown in the upper panel. Figure 3 shows the velocity offset ∆v ISM as a function of the offset ∆v Lyα , only for the 28 galaxies for which a robust z ISM could be measured (i.e. objects with at least 3 detected ISM lines). No correlation between ∆v ISM and ∆v Lyα is evident. If we interpret the blueshifted ISM lines as evidence for outflows, this implies that these outflows do not seem to directly have a strong impact on the Lyα offset; in other words, larger or smaller Lyα offsets can be found either in galaxies with or without outflows. This is different from the results by Marchi et al. (2019) , who found a correlation between these two quantities, with objects with small Lyα offsets also having the largest (negative) ISM offsets (and viceversa). Interestingly, galaxies with differ- The bottom panel of Figure 3 shows as well that galaxies with or without available ISM redshift determination have very similar ∆v Lyα distributions: in other words, the subsample of 28 galaxies with z ISM measurements is not different from the parent sample.
The uniform expanding shell model (e.g., Verhamme et al. 2006 , Verhamme et al. 2008 , is widely used and quite successful in explaining the Lyα profiles of star-forming galaxies at all redshifts (e.g. Hashimoto et al. 2015 , Duval et al. 2016 , Orlitova et al. 2018 , Marchi et al. 2019 . According to this model, galaxies with fast outflows have in general smaller Lyα offsets: this is because the Lyα photons, when reaching the fast expanding shell, are seen out of resonance and not absorbed; on the other side, Lyα photons in galaxies with slower outflows do not take advantage of this effect, and are absorbed more or less easily at resonance (at the systemic velocity of the system) depending on the neutral hydrogen column density NHI. In this respect, it is worth noting that in our sample we have 20/28 galaxies in the slow outflow regime, and 8/28 in the fast outflow regime: among these latter, the majority (5 out of 8) have large Lyα escape fraction and small ∆v Lyα .
Correlation of Lyα offsets with other physical properties
In Figure 4 we show the velocity offsets ∆v Lyα (for all 53 objects in the sample) and ∆v ISM (for the subsample of 28 for which also the ISM redshift could be measured) as a function of EW 0 (Lyα), f esc (Lyα), absolute magnitude in the Far-UV M F U V , stellar mass, SFR, and E(B-V) * . We run a Spearman rank test to check and validate possible correlations between each parameter and the velocity offsets: in each panel we report the p-value, that is the probability of the null hypothesis (no correlation) being true, ranging from 0 to 1: a large p-value means that there is no correlation, while a small one confirms the correlation.
We find that the Lyα velocity offsets anti-correlates with the Lyα equivalent widths and Lyα escape fractions, while it correlates positively with the stellar extinction E(B-V) * : the probability of the null hypothesis (no correlation) being correct is lower than 10% for these quantities. In particular, galaxies with smaller Lyα equivalent widths (or equivalently smaller Lyα escape fractions) have on average higher ∆v Lyα than galaxies with larger Lyα equivalent widths (or Lyα escape fractions): this is in perfect agreement with the results shown in Figure 3 , although that figure only shows the 28 out of 53 objects for which also ∆v ISM could be measured. In addition, objects with more reddening have on average larger ∆v Lyα . These correlations are consistent with other results in literature: Du et al. (2018) found a similar correlation between ∆v Lyα and EW 0 (Lyα) (although at lower redshift, and using composite spectra, while here we have individual measurements), that does not evolve significantly between z∼2 and z∼4; Shapley et al. (2003) , although using ∆(Lyα−ISM ), find similar correlations between offset velocity and E(B-V) * or Lyα equivalent width.
No significant correlations are observed between ∆v Lyα and stellar mass, SFR, and M F U V : the Spearman rank test gives probabilities for the null hypothesis being correct above 40%. This is in agreement with findings by Steidel et al. (2010) , who also found no significant correlation between ∆v Lyα and stellar mass, for their sample of starforming galaxies at z ∼ 2 − 3.
Although we do not report this in Figure 4 , We also find no correlation with redshift: the probability of no correlation being correct, according to the Spearman test, is ∼50% for the ISM offsets and ∼80% for the Lyα . As we said in Section 2, the redshift coverage of the ALPINE sample is not continuous: about 2/3 of the objects are at 4.4 < z < 4.6 and 1/3 is at 5 < z < 6; and both redshift bins have a similar median ∆v(Lyα) ∼ 200 km/s. At the same time, we do not see any robust correlation between Lyα equivalent width, Lyα escape fraction, M F U V , stellar mass, SFR, and E(B-V) * with ∆v ISM : the probability of no correlation being present between these quantities and ∆v ISM are above 20%.
Discussion and conclusions
In this paper we use the [CII] line, detected in 53 starforming galaxies at 4.4 < z < 6 observed as part of ALPINE, to trace the systemic velocity of these galaxies and to measure the velocity offsets of Lyα (and ISM lines, for a subsample of 28 galaxies) with respect to it. We then use these offsets to gain insights on the ISM properties of galaxies, and to understand the physical driver of the increase in the escape fraction of Lyα photons observed from z ∼ 2 to z ∼ 6 (Stark et al. 2010; Schenker et al. 2012; Cassata et al. 2015) .
We stress that the original selection of the parent ALPINE sample (see Le Fèvre et al. 2019 ) is primarily based on the UVoptical rest-frame properties of these galaxies: the targets are selected to be main-sequence galaxies at 4.4 < z < 6, and therefore they can be considered typical galaxies at such epochs. They indeed have Far-UV continuum luminosities M F U V and stellar masses similar to samples in literature at lower redshifts, as the ones in Steidel et al. (2010) , Erb et al. (2004) , Du et al. (2018) , Pahl et al. (2019) , and Marchi et al. (2019) . However, the requirement of accurate and robust spectroscopic redshifts, needed to appropriately tune the ALMA spectral setting to cover the [CII] line, favored galaxies with Lyα in emission in our final sample: eventually, among the 75 ALPINE targets for which [CII] was detected at > 3.5σ, 53 turned out to Article number, page 7 of 20 A&A proofs: manuscript no. Lya_offsets have Lyα in emission with EW 0 (Lyα) > 4 Å, and 29 have EW 0 (Lyα) > 25 Å (and therefore are Lyα emitters according to the classical definition). As a result, this is the largest sample at z > 4 with published ∆v Lyα and ∆v ISM offsets, and one of the largest at all redshifts.
The main result of the paper is that the bulk of our galaxies show small ∆v Lyα offsets, compared with other works at z∼2-3.5, with a peak around 200 km/s and up to ∼400 km/s; at the same time, we also measure ∆v ISM offsets between -500 and 0 km/s (see Figure 2 ). We do not find any significant correlation between ∆v Lyα and ∆v ISM , but we find a correlation between ∆v Lyα and the Lyα escape fraction f esc (Lyα) (see Figure 3) : objects with smaller f esc (Lyα) tend to have larger ∆v Lyα , and viceversa. The observed blueshift of ISM lines is universally observed in star-forming galaxies at all redshifts (e.g. Steidel et al. 2010) , and is interpreted as evidence for the presence of star formation driven outflows: this implies that galaxies in our sample have outflow velocities between ∼ 0 and ∼ 500 km/s. On the other hand, the radiative transfer of Lyα photons is much more complicated: Lyα is a resonant line, subjected to shift in frequency, absorption by neutral gas and dust, and as a result Lyα velocity offset are more difficult to interpret. In the framework of the uniform expanding shell model (Verhamme et al. 2006 (Verhamme et al. , 2008 galaxies with fast outflows (300< v out <700 km/s have small Lyα offsets (< 100 km/s) and large escape fractions, because Lyα photons arriving at the fast moving shell are seen out of resonance, and their probability of being absorbed is therefore low. In presence of slower outflows (20 < v out < 300 km/s), the Lyα velocity offset depends directly on the neutral hydrogen column density NHI, with larger NHI causing larger offsets (and smaller Lyα escape fractions).
Interestingly, our findings on the correlation between ∆v Lyα and the escape fraction can be interpreted in the framework of the uniform expanding shell model (Verhamme et al. 2006; Verhamme et al. 2015) . As mentioned earlier, most galaxies in our sample have ∆v Lyα < 300−400 km/s, that we interpret as evidence for outflows with v out < 300−400 km/s. 20 out of 28 galaxies are in the slow outflow regime, for which the shift of the Lyα line depends strongly on NHI. It is worth noting that out of the 5 sources with slow outflows and ∆v Lyα > 300 km/sec, 4 have very low escape fractions. This is consistent with the fact that, according to the uniform expanding shell model, very large shifts of the Lyα line in galaxies with slow outflows can be observed only for very large NHI, log(NHI[cm −2 ])> 20. Galaxies with ∆v Lyα < 300 km/s are a mixture of fast and slow outflows, and most of them have intermediate escape fractions. For sources with 100 < ∆v Lyα < 300 km/s we use the expanding shell model to retrieve an average log(NHI[cm −2 ])∼ 19.5, thus lower than for sources with ∆v Lyα > 300 km/sec, consistently with their characteristic f esc (Lyα) values. Finally, galaxies with ∆v Lyα < 100 km/s span a wide range of NHI values, from log(NHI[cm −2 ]) = 16 to log(NHI[cm −2 ])= 21, thus we cannot make tentative conclusions on their average log(NHI[cm −2 ]) value.
Therefore, it seems that the main physical property governing the escape of Lyα photons (and at the same time governing the Lyα offset) in these galaxies is the neutral hydrogen column density, with some help from outflows, when they reach v out > 300 km/s. However, constraining the exact value of NHI for each individual object in our Fig. 5 . Evolution of the Lyα and ISM offsets with redshift. We report individual measurements for our sample (filled and empty symbols indicate ∆Lyα and ∆ISM , respectively), and for galaxies at z ∼ 7 (green triangles, from Pentericci et al. 2016; Bradac et al. 2017; Matthee et al. 2019a ). Red and blue circles indicate the average values of ∆Lyα and ∆ISM for different samples at different redshifts: the values at z ∼ 2 are from Erb et al. (2004) ; at z ∼ 2.3 (for the ISM only) from Talia et al. (2017) ; at z ∼ 2.5 from Steidel et al. (2010) ; at z ∼ 3.5 from Marchi et al. (2019) ; at z ∼ 5 from this work; at z ∼ 7 from Pentericci et al. 2016; Bradac et al. 2017; Matthee et al. 2019a ). The blue and red lines are linear best fit to the points. sample is not straightforward, and it is beyond the scope of this paper. Just as an exercise, according to the model in Verhamme et al. (2015) , in galaxies with v out < 300 km/s the Lyα shift depends only on NHI: our galaxies in the yellow region in Figure 2 span a ∆v Lyα range between 0 and 400 km/s. That corresponds to a range of NHI between 10 16 and 2 × 10 20 cm −2 . For galaxies in the fast outflow regime, NHI can not be constrained at all.
The two objects with the highest Lyα escape fraction (in blue in Figure 3 ) are more difficult to interpret. Their redshifted ISM lines would indicate, formally, an inflow of gas in these galaxies. The first of them is a quite faint [CII] emitter, detected at only 4 σ, its [CII] spectrum is quite noisy, and possibly [CII] shows two velocity components; therefore it is possible, in this case, that the [CII] cannot be reliably used to trace the systemic velocity of this galaxy. The other high escape fraction object is, on the other hand, very bright in [CII] (detected at 32 σ, the brightest emitter in the sample), and its [CII] emission is spatially extended: it is not unlikely that this galaxy could be embedded in a reservoir of cold gas, that could be flowing in to fuel star formation.
We also explored possible correlation between the offset velocities Lyα-[CII] and ISM-[CII] and a number of properties, such as Lyα equivalent width, Lyα escape fraction, stellar mass, SFR, E(B-V) * , and M F U V . The strongest and more robust correlations we found are between Lyα es-Article number, page 8 of 20 P. Cassata et al.: ALPINE: small Lyα-[CII] velocity offsets in main-sequence galaxies at 4.4 < z < 6 cape fraction, Lyα equivalent width, and E(B-V) * with the Lyα offsets, and these can be easily interpreted in the framework of the uniform expanding shell: objects with large Lyα escape fractions (and consequently higher Lyα equivalent width) are those with smaller Lyα offsets, since they are those with less dust (smaller E(B-V) * ) and smaller NHI.
At the same time, no strong correlations between physical properties and ISM offsets are found. If we assume that the ISM offsets are the direct evidence of outflows, these results imply that, at least at these redshifts, the presence of outflows is not the main driver of the escape of Lyα photons. This is because, going back to the analysis of Figure 3 , most of the galaxies in our sample are in the slow outflow regime, where the Lyα escape fraction (and the Lyα offset) is determined by the NHI more than by the outflow velocity. Coincidentally, from Figure 4 , it is also clear that objects in the fast outflow regime (v out > 300 km/s, or ∆v ISM < −300 km/s) tend to have large Lyα escape fractions (top middle panel), as expected from the uniform expanding shell model, but they are not numerous enough to drive a correlation between ∆v ISM and Lyα escape fraction.
Finally, it is interesting to see how the velocity offsets ∆v Lyα and ∆v ISM for our sample at z ∼ 5 compare with other similar samples (in terms of M F U V , stellar mass and SFR) in literature at lower redshifts. In Figure 5 we report the average and dispersion of these offsets for our sample in comparison with the samples by Erb et al. (2004) at z ∼ 2, Talia et al. (2017) at z ∼ 2.3, Steidel et al. (2010) at z ∼ 2. 5, and Marchi et al. (2019) at z ∼ 3.5, and with the handful of measurements for Lyα only at z ∼ 7 by Pentericci et al. (2016 ), Bradac et al. (2017 and : it can be seen that the ISM offsets do not seem to vary significantly from z ∼ 2 to z ∼ 5; at the same time, ∆v Lyα significantly evolves over the same redshift interval, going from ∼ 500 km/s at z ∼ 2 to ∼ 200 km/s z ≥ 5. These results together can give interesting insights to interpret the observed increase in the fraction of Lyα emitters in the same redshift interval (Schenker et al. 2012 , or similarly on the observed increase in the average Lyα escape fraction (Hayes et al. 2011; Konno et al. 2016 ). If the average ISM offsets do not evolve, this would imply that the incidence of outflows, and their velocity, do not change significantly from z ∼ 2 to z ∼ 5; assuming therefore no significant change in the incidence of fast and slow outflows over that redshift range (again: the peak and dispersion do not change significantly), the observed decrease of ∆v Lyα , according to the uniform expanding shell model, could be due to a decrease in the amount of NHI (and possibly dust reddening) going from z ∼ 2 to z ∼ 7. Konno et al. (2016) suggest that in situ NHI decreases by almost one order of magnitude from z∼2 to z∼6, due to a simultaneous increase in the ionization parameter, which is consistent with our interpretation. It this trend of decreasing NHI continues beyond z∼6 into the epoch of reionization, this would also imply an increase of the escape fraction of Lyman continuum photons, that could make up the bulk of the ionizing continuum.
field HST/WFC3 (Koekemoer et al. 2011) , show multiple components.
We comment on the result of this analysis, for each object, below: -Object 12: this object is too faint in [CII] to perform a morpho-kinematic classification. The Lyα -optical light is offset by ∼0.5" from the peak of the [CII] emission. There is no evidence for multiple components. -Object 14: this object is classified as dispersion dominated. The Lyα -optical light is offset by ∼0.5" from the peak of the [CII] emission. -Object 21: this object is classified as dispersion dominated. The Lyα -optical light is offset by ∼0.5" from the peak of the [CII] emission. -Object 38: this object is classified as merger, because multiple components, separated by ∼250 km/s, are present in the position-velocity diagram (see Le Fèvre et al. 2019). The Lyα -optical light is offset by ∼0.5" from the peak of the [CII] emission. -Object 42: this object is too faint in [CII] to perform a morpho-kinematic classification. The optical image close to Lyα (in green in the figure) reveals two weak peaks, and the Lyα line is extracted from the righ one, closest to the [CII] peak. -Object 47: this object is classified as dispersion dominated. The Lyα -optical rest-frame emission is offset by ∼0.5" from the peak of the [CII] map. -Object 5100537582: this object is classified as dispersion dominated. TheLyα -optical emission is coincident with the peak of the [CII] map. There is no evidence of multiple components. -Object 5100541407: this object is classified as a merger, because the [CII] map shows multiple bright clumps. Also the UltraVISTA K s image (mapping the optical rest-frame light) show two components, but only one of them is in the spectroscopic slit. It is clear that the Lyα spectrum has been extracted from the region coincident with the brightest [CII] peak, and we checked that the position of the [CII] velocity peak is not affected by the faintest clumps. -Object 510082662: this object is classified as merger, because the [CII] emission originates from two bright components. However, only one of this two [CII] clumps is coincident with the UV-optical emission, where the Lyα spectrum has been extracted. -Object 5100994794: this object is classified as dispersion dominated. The [CII] emission is quite extended and well centered in the spectroscopic slit. The Lyα and [CII] spectra are extracted from the same physical region. -Object 5101210235: this object is classified as rotator.
The Lyα -optical emission is coincident with the peak of the [CII] emission. -Object 5101244930: this object is classified as merger, because of multiple clumps that appear in the ancillary HST and Subaru optical images. The optical rest-frame light, traced by the UltraVISTA K s image is coincident with the peak of the [CII] emission, while the Lyα -UV light might be slightly offset, by 0.5" at the most, from it. -Object 510605533: this object is too faint in [CII] to perform a morpho-kinematic classification. The Lyαoptical rest-frame light is offset by ∼0.5" from the peak of the [CII] emission.
-Object 510786441: this object is classified as merger, because multiple components are detected in the position-velocity diagram (Le Fèvre et al. 2019), separated by ∼200 km/s. The Lyα -optical emission is spatially coincident with the peak of the [CII] emission. -Object 5180966608: this object is classified as merger, because of multiple clumps that appear in the ancillary HST and Subaru optical images, although the [CII] emission is extended and it is not resolved in multiple components. The Lyα line has been extracted from the UV-optical peak that is coincident with the [CII] emission. Since the [CII] is extemded, we re-extracted a [CII] spectrum from a region coincident with the UV-optical region, and we find that the position of the [CII] velocity peak is not affected. -Object 274035: the optical emission (tracing the Lyα emission and UV rest-frame continuum) and the K s emission (tracing close to the optical rest-frame) are offset by 0.5" and 0.3" from the peak of the [CII] emission. The object is classified as dispersion dominated, and there are no signs of multiple components, neither from the images nor from the spectra. emitter, just outside of the spectroscopic slit. Is important to stress that this companion is not responsible for the Lyα emission, that is extracted from within the slit, right ontop of the main [CII] peak. We re-extracted a [CII] spectrum from a smaller region around the optical rest-frame emission, and we find that the [CII] velocity peak is not affected. -Object 880016: this object is classified as dispersion dominated. The Lyα -optical emission is coincident with the peak of the [CII] emission. -Object 881725: this object is classified as rotator, and the Lyα -optical emission is coincident with the peak of the [CII] emission. The Lyα spectrum is quite noisy, and double-peaked.
We can draw a few conclusions from this analysis. First, in all cases not classified as mergers, we are quite sure that the [CII] emission, Lyα , and the continuum arise from the same galaxy, although in many case a small offset, typically 0.5" at the most, is present. This is not surprising, as often the Lyα emission is found to be offset from the UV continuum by similar amounts (Leclercq et al. 2017; Hoag et al. 2019 ). These spatial offset simply might imply that the ISM medium is non homogeneous and clumpy, and Lyα photons can more easily escape from one side of the galaxy than from the other.
Concerning the about half of the objects that are classified as mergers, it is evident that they are composed by two sub-groups: cases in which multiple components are resolved both in ALMA [CII] images and UV-optical restframes (e.g. 417567, 536534, 665509, 859732, 873321, ...) , and cases in which the multiple components are unresolved in [CII] (e.g. 308643, 372292, 422677, 5101244930, ..) . For mergers in the first category, we stress that the Lyα line is always extracted from a region coincident with the brightest [CII] clump, and we showed that the position of the [CII] velocity peak does not change whether the [CII] spectrum is extracted from a small region around where Lyα is extracted. Therefore, the analysis presented in this paper applies to the main component of the merger. For mergers in the other category, they are all classified as such because multiple components were identified in the position velocity diagram, although these are not resolved in the [CII] map. In fact, their [CII] emission is not very extended (∼1"-1.5" across, corresponding to ∼6-9 kpc at z∼5), and the different components are typically separated in velocity by ∼200 km/s, and therefore they can be considered late stage mergers, very close to coalescence. The Lyα line is extracted from the same region emitting [CII] . For them, the Lyα -[CII] and ISM-[CII] offsets are relative to the barycenter of the system, traced by the [CII] peak velocity, and the analysis presented in this paper applies to their integrated extent. CG_12  CG_14  CG_21  CG_38  CG_42  CG_47  DC_274035  DC_308643  DC_351640  DC_372292  DC_400160  DC_403030  DC_416105  DC_417567  DC_422677  DC_430951  DC_432340  DC_434239  DC_488399  DC_493583  DC_494057  DC_494763  DC_510660  DC_519281  DC_536534  DC_539609  DC_627939  DC_628063  DC_630594  DC_665509  DC_665626  DC_680104  DC_709575  DC_733857  DC_742174  DC_773957  DC_803480  DC_814483  DC_848185  DC_859732  DC_873321  DC_873756  DC_880016  DC_881725  vc_5100537582  vc_5100541407  vc_5100822662  vc_5100994794  vc_5101210235  vc_5101244930  vc_510605533  vc_510786441  vc_5180966608   Table 1 . Properties of the sample from multi-wavelength photometry. IDs starting with 'CG' indicate objects in the CANDELS GOODS South area; IDs starting with 'vc' indicate objects with VUDS VIMOS/VLT spectra in the COSMOS field; 'DC' indicate objects with DEIMOS spectra in the COSMOS field. [The actual values will be shown in the accepted version of the paper.]
Lyα [CII]
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